In this study, we examined the effect of the difference in time of going to sleep on the numerical values of leukocyte subsets and various hormones. Subjects consisted of 26 healthy adults (15 men, 11 women) with a mean age of 37.6 years. Among the 26 individuals, 12 persons (Group E) were of the habit of going to sleep before midnight consistently, while 14 persons (Group L) were of the habit of staying up late, consistently going to sleep after 2 am. For Group E, it was found that the ratio of lymphocytes was remarkably high in comparison with Group L (Group E 41.6 ± 2.54%, Group L 31.7 ± 2.03%, P < 0.01). On the other hand, for Group L it was found that the ratio of granulocytes was remarkably high in comparison with Group E (Group E 53.0 ± 2.51%, Group L 62.3 ± 2.22%, P < 0.01). However, no difference was observed in lymphocyte and granulocyte ratios due to the duration of the sleep. As the excessive quantity of granulocytes was not corrected through longer sleep, these findings suggest that the time when first going to sleep is more important than the total hours of sleep achieved.
Human beings lived for many generations according the rhythms of the natural world, going to sleep when the sun set in the evening and waking up when the sun rose in the morning. However, with the spread of artificial electrical illumination, this natural rhythm has changed. Research into the effects of these changes, the introduction of disorder into the previously orderly, natural practices of sleeping and awaking, on the autonomic nervous system is of quite some interest. Furthermore, some research has indicated that the autonomic nervous system may in fact control the amount of leukocytes present in the blood (3) . Receptors for adrenaline do exist on the membranes of leukocytes (2) , and it has been found in mice that the amount of granulocytes does increase after injections of adrenaline (4) . In this research, we investigated the possible influence of the difference in time of going to sleep upon quantities of leukocyte subsets and various hormones. Up to this time, reports of such investigation on the relationship between time of going to sleep, or length of time spent sleeping, and amount of leukocyte subsets and various hormones have been few in number.
MATERIALS AND METHODS

Subjects and ethics.
This study was carried out with the approval of Ethical Committee of The Graduate University of Japan Traditional Medicine and Science. The 26 subjects signed forms of consent after receiving sufficient explanation of the objectives and possible risks of participation. The 26 subjects were all healthy Japanese persons. The average age of the 26 subjects was 37.6 ± 2.58 (SE) years, and the 12 significant and indicated by *. In the case that P was less than 0.01 the difference was taken to be particularly statistically significant and indicated by **.
RESULTS
The leukocyte subsets, blood glucose levels, hormone levels, under the arm (axillary) body temperatures, average times of going to sleep, and average length of time slept for the 26 subjects are shown in Table 1 . Table 2 shows the results of comparing and analyzing Group E (E-01 to E-12) with Group L (L-01 to L-14) from Table 1 . Furthermore, measures that were found statistically significant, as well as a graph of numbers of leukocytes are shown in Fig. 1 .
Differences in leukocyte subsets among individuals with habit of going to sleep early and those with habit of staying up late
Regarding leukocyte number (WBC), for Group E the finding was 6.0 ± 0.31 (× 10 3 /μL), and for Group L the finding was 6.7 ± 0.41 (× 10 3 /μL). This did not represent a statistically significant difference. However, for ratio of lymphocytes, Group E was 41.6 ± 2.54%, and Group L was found to be 31.7 ± 2.03%, with Group E clearly showing a higher ratio (P < 0.01). For ratio of granulocytes, Group E showed 53.0 ± 2.51%, while Group L was 62.3 ± 2.22%. Here, Group L showed a clearly higher ratio (P < 0.01). Then, multiplying this ratio by number of leukocytes and comparing number of lymphocytes with number of granulocytes, for number of lymphocytes Group E was 2.5 ± 0.17 (× 10 3 /μL), while Group L was 2.1 ± 0.13 (× 10 3 /μL), with Group E showing statistically significantly greater number. For number of granulocytes, Group E was 3.2 ± 0.27 (× 10 3 /μL) and Group L was 4.2 ± 0.36 (× 10 3 /μL), with Group L showing a statistically significantly greater number. However, all amounts were within the standard range. Thus, we found that for those with the habit of regularly going to sleep early, among leukocyte subsets, the ratio and number of lymphocytes was greater, while for those with the habit of staying up late, the ratio and number of granulocytes was greater (Table 2) .
Differences in blood glucose and hormone levels among individuals with habit of going to sleep early and those with habit of staying up late For blood glucose level, Group E was found to be 95 ± 2.4 mg/dL, and Group L was 88 ± 2.7 mg/dL, with Group E being significantly higher (Table 2) . However, for the hormones tested and also for body individuals with the consistent habit of going to sleep before midnight were grouped into Group E, while the 14 individuals with the consistent habit of staying up late past 2 am were grouped into Group L. The setting of the early sleeping time at midnight was made in consideration of the habit of the subjects, residents of the Tokyo metropolitan area. There were 15 men (Group E: 7, Group L: 8) and 11 women (Group E: 5, Group L: 6).
Blood samples and analysis. Quantities of leukocyte subsets and various hormones, as well as blood glucose concentration, were all measured from blood taken from the forearm median antebrachial vein in all subjects, and the blood was taken while subjects were resting in the seated position. Body temperature was measured under the arm (axillary) at the time of drawing blood. In consideration of daily rhythms, blood samples were taken between 4 : 30 pm and 5 : 30 pm. Also, in all cases blood samples were taken at least 4 h after eating. From each subject 25 mL of blood was taken, and then immediately processed by centrifuge. After centrifuging, the blood plasma was immediately frozen and then analyzed by Mitsubishi Chemical Medience Corporation, Tokyo, Japan. The methods of analysis are as follows: Leukocyte subsets (stab nuclear leukocyte, segmented nuclear leukocyte, eosinophil, basophil, monocyte, lymphocyte): microscopical test Glucose: enzymatic assay GH: immunoradiometric assay (beads solid phase method) ACTH: immunoradiometric assay (beads solid phase method) TSH: chemiluminescent immunoassay FT3 (free triiodothyronine): chemiluminescent immunoassay Cortisol: radioimmunoassay (coated tube solid phase method) Noradrenaline: high performance liquid chromatography Among leukocyte subsets, stab nuclear leukocyte, segmented nuclear leukocyte, eosinophil, and basophil are together called granulocytes. The numbers of lymphocytes and granulocytes were calculated by multiplying the ratios of each respectively with the total number of white blood cells.
Statistical analysis.
Figures are all shown as MEAN ± SE. Statistical analysis was performed by twotailed Student's t test. In the case that P was less than 0.05 the difference was taken to be statistically jects with length of time slept shorter than 6.2 h, the average time of all 26 subjects, with the 11 subjects with length of time slept longer than 6.2 h, no statistical significance was found for any test item (Tables 3, 4, and Fig. 2 ).
Difference in leukocyte subsets, blood glucose, and hormone levels due to difference in age and sexes of subjects To compare leukocyte subsets, blood glucose, and hormone levels according to age, two groups were temperature, no statistically significant difference was found.
Difference in leukocyte subsets, blood glucose, and hormone levels due to length of time slept
Although Group E and Group L were separated by the time at which the subjects went to sleep, we also made comparison according to length of sleeping time. There was no statistically significant difference between length of sleeping time between Group E and Group L. When comparing the 15 sub- Values are MEAN±SE. *P < 0.05; **P < 0.01; significantly different from Group L. Other details are as in Table 1 .
For number of leukocytes, Group M was 6.7 ± 0.33 (× 10 3 /μL) and Group F was 5.9 ± 0.42 (× 10 3 /μL); for ratio of lymphocytes, Group M was 36.2 ± 2.39% and Group F was 36.3 ± 3.16%; for ratio of granulocytes Group M was 57.9 ± 2.38% and Group F was 58.0 ± 3.24%; for number of lymphocytes Group M was 2.4 ± 0.16 (× 10 3 /μL) and Group F was 2.1 ± 0.13 (× 10 3 /μL); for number of granulocytes Group M was 3.9 ± 0.29 (× 10 3 /μL) and Group F was 3.5 ± 0.44 (× 10 3 /μL); and for blood glucose level Group M was 91 ± 3.0 mg/dL while Group F was 91 ± 2.2 mg/dL. No statistically significant difference was found for any item. Also, for other hormones, just as in the case of comparing Group E and Group L, there was no significant difference found when comparing between sexes (between Group M and Group F).
DISCUSSION
In this research, we found that those with the habit of going to sleep early showed a higher ratio of lymphocytes while those with the habit of staying up late showed a higher ration of granulocytes. In order to demonstrate that the statistically significant difference among Group E and Group L as shown made according to age: for Group Y 14 subjects younger than the average age of all 26 subjects, 37.6 years old, and for Group O 12 subjects older than 37.6 years of age. For number of leukocytes, Group Y showed 6.5 ± 0.41 (× 10 3 /μL) and Group O showed 6.2 ± 0.33 (× 10 3 /μL); for ratio of lymphocytes Group Y showed 33.8 ± 1.99% and Group O showed 39.1 ± 3.23%; for ratio of granulocytes Group Y was 59.9 ± 2.20% and Group O was 55.8 ± 3.19%; for number of lymphocytes Group Y was 2.2 ± 0.15 (× 10 3 /μL) and Group O was 2.4 ± 0.16 (× 10 3 /μL); for number of granulocytes Group Y was 3.9 ± 0.34 (× 10 3 /μL) and Group O was 3.5 ± 0.37 (× 10 3 /μL); and for blood glucose level Group Y showed 89 ± 3.0 mg/dL while Group O showed 93 ± 2.5 mg/dL. No statistically significant difference was found for any item. Also, for other hormones, just as in the case of comparing Group E and Group L, there was no significant difference found when comparing between age groups (between Group Y and Group O).
To compare according to different sexes, subjects were grouped into Group M consisting of 15 male subjects and Group F consisting of 11 female subjects and leukocyte subsets, blood glucose, and hormone levels were compared among the two groups. Table 2 was not affected by differences in age or sex, we also performed statistical analysis across groups divided by age and by sex. The results of this analysis showed that there was no statistically significant difference when grouping by age or sex. These analyses clearly show that the difference in leukocyte subsets (lymphocytes and granulocytes) was due to the difference in the time at which the subjects went to sleep. When discussing the effects of sleep on the body, many tend to speak of the length of time slept, but in this research we did not find a statistically significant effect on leukocyte subsets due to differences in length of time slept.
However, a large change in leukocyte subsets was shown to result from the difference in the time that the subjects went to sleep. In other words, the time at which a person goes to sleep, one important factor in determining one's overall body rhythm, also has a large effect on the composition of one's leukocyte subset-a greater amount of granulocytes, or a greater amount of lymphocytes. It has been reported in the past that granulocytes present adrenaline receptors on the outer membranes, and that adrenaline injections can cause an excess of granulocytes. And it may be the case that the sympathetic nervous system acts to control the Details are as in Table 1 . Details are as in Tables 1 and 2. from our research, perhaps it is the case that among those with the habit of staying up late, this results in impairment of the autonomic nervous system and subsequently a decrease in blood sugar during the day, leading to more frequent feelings of hunger, and the resulting irregular consumption of food then invites the onset of diabetes. In addition, from our research it can be seen that the practice of sleeping for a longer time in order to make up for going to sleep at a later hour does not offset the trend toward increased number of granulocytes. In other words, the factor driving the difference in leukocyte subsets is not the length of time slept but rather the adaptation of one's day/night body rhythms.
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number of granulocytes (3, 4) . These reports thus show agreement with our result that those with the habit of staying up until late at night, causing stimulation of the sympathetic nervous system until late at night, showed an excess of granulocytes. However, another result of our research, that the levels of noradrenaline in the blood of those with the habit of staying up late, and thus with stimulation of the sympathetic nervous system until late at night, were not significantly different than the levels of noradrenaline in the blood of those with the habit of going to sleep early, shows that the excess of granulocytes found in those staying up late is not from noradrenaline in the blood, but rather from a different cause. Also, in this research no statistically significant difference was found for the other various hormones in the blood as tested, so the excess of granulocytes in those with the habit of staying up late is not from these hormones either.
In this research, the blood glucose level for Group L was significantly lower than the blood glucose level for Group E. A previous report has noted the relationship between diabetes and length of time slept (1). However, this report focuses on length of time slept, not the time at which subjects first went to sleep as in our study. To offer one hypothesis 
